Computational Aeroacoustics by the Space-Time CE/SE Method 
by Clung Y. Loh 

Taitech. Inc. and NASA Glenn Research Center 

The Space-Time Conservation Element and Solution Element Method, or CE/SE Method for short, is a 
newly developed numerical method for conservation laws. Despite its second order accuracy, it possesses 
low dispersion errors and low dissipation. The method is robust enough to cover a wide spectrum of com- 
pressible flows: from weak linear acoustic waves to strong discontinuous waves (shocks). An outstanding 
feature of the CE/SE scheme is its novel, simple but effective non- reflecting boundary condition (NRBC), 
which is particularly valuable for CAA (computational aeroacoustics). 

In this seminar, the 1-D and 2-D unstructured version of the CE/SE schemes are first briefly described. Sec- 
ondly, some discussions on the NRBC are given. Then, various exmples for linear, nonlinear aeroacoustics 
are presented. These include (but not limited to): 

1. CAA Workshop problems (compared with exact solutions), 

2. shear layer instbility, vortex roll-up (compared with linear theory) 

3. jet noise - Mach radiation and jet as a Mach wave guide. 

4. vortex-shock interaction, vortex-blade interaction (BVI). 

5. jet noise - screech of underexpanded jet (compared to experiment ), 

6. jet noise - 3-D underexpanded rectangular jet, 

7. aeroacoustic feedback system - cavity noise, whistling nozzle. 

At last, if time available, video animations will be shown for some of the above examples. 
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NASA Glenn and Taitech Inc., Cleveland, OH 


Review of the CE/SE Methodology 
(S.C. Chang, J.C.P., Vol. ,119, 295-324, 1995) 
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The Now-reflecting boundary Conditions 
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30,40,50,60,70,80,100 and 200 (Cat.3.1) 
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Figure i: Schematic sketch of computational domain and mesh used 
in the computation. 
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Figure: Power spectra at x - 060, 100, 150, and 260 with forcing at the most unstable frequency 
according to linear theory; coarse grid. 



Figure: Power spectra at x - 050, 100, 150, and 250 with forcing at most unstable frequency 
according to linear theory; finer grid. 
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Figure' TVansverse mode shape at x = 100 with forcing at most unstable frequency acordmg to 
linear theory, finer grid. Squares: total u rml ; circles: n rm , at forcing frequency; sol.d line: linear 

eigenfunction (modulus). 



Figure: Transverse phase variation at x = 100 with forcing at most unstable frequency acording to 
linear theory, finer grid. Circles: u rms at forcing frequency; solid line: linear eigenfunction (phase). 
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according to linear theory. Squares: total u rm5) coarse grid; triangles: total u rmS) finer grid, circles. 
Urms at forcing frequency, coarse grid; crosses: u rm} at forcing frequency, finer grid; solid line: 

linear growth. 



Figure: Streamwise evolution of disturbance phase with forcing at the most unstable frequency 
according to linear theory. Circles: coarse grid; crosses: finer grid; solid line: linear result. 
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Figure 2: Experimental Srhliorcn (courtesy of .1. Panda) 
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isobar and numerical Schlieren snapshots 
at time step=212800, underexpanded axi- 
sym. jet, MJ=1 .19. 
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Fig. 2: Sketch of (A) cavity noise, 

(B) gap noise 
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Concluding Remarks 




Deutsches Zentrum German 

fur Luft- und Raumfahrt e.V. Aerospace Center 



DIR Institute of Design Aerodynamics 

Postfach 3267, D-38022 Braunschweig. Germany 

Dr. Ching Y. Loh 
Taitech Inc. 

NASA Glenn Research Center 
21000 Brook Park Road 
MS 5-11 

Cleveland, OH 44135 
U.S.A. 


Cluster Aerodynamics Institut of 

and Flow Technology Design Aerodynamics 


Your letter 
Your reference 
Our reference 
Your correspondent 
Telephone +49 5 31 2 95- 
Telefax +49 5 31 2 95- 
E-nnaii 
Braunschweig, 


Prof. Dr.-lng. Korner 

2400 

2320 

horst.koerner@dIr.de 

02/11/00 


Invitation for the second SWING Aeroacoustics Workshop 6-7 Oct. 2000 at DIR 


Dear Dr. Loh, 

In the framework of our national German CAA-project SWING we are organizing a workshop at DLR 
in Braunschweig in cooperation with the University of Technology Dresden. I would very much like 
to invite you to this second SWING workshop which will be held on 6-7 October this year. SWING 
(Simulation of Wing-flow Noise Generation) is an initiative geared towards the simulation of airframe 
noise sources at high lift devices using modern numerical CAA methods. The project partnership 
consists of DLR's Institute of Design Aerodynamics, the Aerodynamic Institute Aachen (Technica 
University of Aachen), the Institute of Aerodynamics and Gasdynamics (University Stuttgart) as well 
as the Institute of Acoustics and Speech Communication (University of Technology Dresden). 

The aim of the workshop is to exchange knowledge on modern topics of aeroacoustics with special 
emphasis on numerics and to establish/deepen international connections and cooperation among 
research groups active in the respective field. The first SWING workshop, held in the fall of last y ear 
in Dresden, led to intensive and fruitful scientific discussions; and this is why we would like to 
continue this successful endeavor. During the 1.5 days of the meeting there will be half-hour 
presentations by the SWING project partners and by invited speakers from abroad and Germany. 

It is my particular pleasure to invite you to this workshop to give a presentation about your recent 
research work relating to the workshop topic. Fortunately, the expenses connected with your visit 
and stay in Braunschweig can be covered since we are able to refund you with a bulk sum of DM 

3500,- ( = $1500,-). 

We thank you for your willingness to present the space-time conservation method for aeroacoustics 
at the meeting as already agreed upon with Dr. Jan Delfs, who is in charge of organizing the 
workshop. Looking forward to seeing you in Braunschweig. 


Yours sincere! 


H.'Kbrner 
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attachment: proceedings of first SWING workshop 


Ltlienthafplatz 7 
0-36108 Braunschweig 
Germany 

Tarter.* fin* V 2 05-0 


